Reoviruses infect cells that manifest an
Introduction
The human reovirus, a naturally occurring double-stranded RNA virus, possesses impressive oncolytic properties. Our group has recently demonstrated the capacity of reovirus to destroy cells derived from human malignant gliomas and breast, colon, ovarian, pancreatic, and prostate carcinomas both in vitro and in vivo. [1] [2] [3] [4] Previous studies on parental NIH-3T3 and NIH-3T3 cells transformed with the oncogenes v-erbB, EGFR, sos, or ras (all activators of the Ras-signaling pathway) have shown the preference of reovirus to infect and kill cancer cells with an activated Ras or Ras-signaling pathway while sparing normal cells. [5] [6] [7] [8] Hence, mutations in ras itself, or in oncogenes signaling through Ras, could create an appropriate environment in the cell for reovirus replication, a situation that perhaps could be found in as many as 80% of human malignancies. In addition, unlike some other members of their family (eg, rotaviruses), reoviruses are not associated with any known human diseases and are considered nonpathogenic. 9 Collectively, these properties offer hope for the use of reovirus as a novel anticancer agent. In this study, we evaluated reovirus as a potential antilymphoma therapeutic agent.
The lymphoid neoplasms, the second most rapidly increasing human malignancy within the last 20 years, represent a heterogeneous group of neoplasias consisting of a number of clinicopathological entities with various prognoses, treatments, and outcomes. 10, 11 While encouraging responses are often obtained with current treatment modalities, lymphomas are still the sixth-mostcommon cause of cancer deaths in the United States, and diseases such as low-grade non-Hodgkin lymphomas (NHLs) and chronic lymphocytic leukemia (CLL) remain incurable at present. [12] [13] [14] [15] Lymphomagenesis is often initiated and characterized by specific chromosomal rearrangements. These cytogenetic abnormalities, such as the t (8:14) and t(14:18) chromosome translocations, juxtapose oncogenes (c-myc and bcl-2 principally) to immunoglobulin enhancers and result in the deregulation of their expression. 16, 17 Additional alterations, such as trisomy of chromosome 12 in CLL, deletion of chromosome 13 (13q14), and others, have led to the discovery of the involvement of numerous proto-oncogenes in the neoplastic progression of lymphomas. 18, 19 Ras mutations, however, are believed to contribute rarely, if at all, to carcinogenesis in lymphoid malignancies. Studies have reported ras mutations in 15% of AIDS-related NHL, but a near-absence in follicular lymphomas (FLs), diffuse large B-cell lymphomas (DLBCLs), and CLL. [20] [21] [22] Nonetheless, activation of a Ras-dependent pathway may occur in certain lymphoid tumors that could render these neoplasms sensitive to reovirus oncolysis. For instance, Myc has been shown to cooperate with Ras in the transformation of B lymphocytes. 23 Lymphoblasts infected with the Epstein-Barr virus (EBV) can show activation of the Ras pathway through the expression of the EBV-transforming latent membrane protein-1 (LMP-1). 24 A number of CLL lymphoid cells express both the CD40 receptor and its ligand CD154, and an interaction between these 2 entities has been shown to stimulate p21ras. 25, 26 In addition, up to 46% of DLBCLs may have scattered mutation throughout the RhoH/TTF proto-oncogene, a recently discovered small guanosine triphosphate (GTP)-binding protein belonging to the Ras superfamily and expressed exclusively in hematopoietic tissues. 27 Despite the fact that mutations in Ras itself are rarely implicated in lymphomagenesis, we hypothesized that a significant proportion of lymphoid malignancies may still be amenable to reovirus therapy. In this study, we used established human lymphoma cell lines, animal cancer models, and multiple primary human non-Hodgkin lymphoma and CLL specimens to examine the possibility of using reovirus against different types of lymphoid neoplasms.
Materials and methods

Cells and reovirus
Human Burkitt lymphoma cell lines (Raji, CA46, Daudi, Ramos, and ST486), obtained from American Type Culture Collection (ATCC; Manassas, VA), were maintained in RPMI containing 10% fetal bovine serum (FBS), 1% L-glutamine (Gibco/BRL, Rockville, MD), and antibiotics (Sigma, St Louis, MO). The diffuse large B-cell lymphomas (OCY-LY1, OCY-LY2, OCY-LY8, and OCY-LY10) described previously 28 were initially propagated in Iscove modified Dulbecco medium (IMDM) supplemented with 20% human serum and antibiotics. Once exponential growth was achieved, the human serum was replaced by 20% FBS. Cells were kept at 37°C in a humidified 5% CO 2 incubator.
Normal peripheral blood lymphocytes and bone marrow cells were obtained with the donors' consent and according to institutional ethical guidelines. Peripheral blood lymphocytes were separated by means of a Ficoll gradient, and bone marrow cells were processed according to the CD34 ϩ progenitor cell isolation kit protocol (Miltenyi Biotec, Auburn, CA) as previously described. 29 Cell fractions having a CD34 ϩ cell purity of 90% or greater were used for subsequent experiments.
The Dearing strain of reovirus serotype 3 was propagated in L929 cells grown in suspension in Joklik modified Eagle medium (JMEM) containing 5% FBS. The virus was purified according to the protocol of Smith et al 30 with the exception that ␤-mercaptoethanol was omitted from the extraction buffer. Dead virus was prepared by exposing the live virus to ultraviolet (UV) light for 45 minutes.
Reovirus infection of lymphoid cell lines in vitro
One million cells of each cell line described above were dispensed into 24-well plates and infected with reovirus at a multiplicity of infection (MOI) of 20 plaque-forming units (PFUs) per cell. For the trypan blue exclusion test, the cells were stained with 0.25% dye, and the remaining viable cells in 3 independent wells were counted on a hemacytometer. For metabolic labeling, [ 35 S]-methionine was added to the culture medium for a period of 6 hours. After incubation, the medium was removed by centrifugation and the cells were lysed in lysis buffer (phosphate-buffered saline [PBS] containing 1% Triton X-100, 0.5% sodium deoxycholate, and 1 mM EDTA [ethylenediaminetetraacetic acid]). Lysates were cleared of debris by centrifugation and supernatants were stored at Ϫ70°C until use.
Polyclonal rabbit antireovirus serotype 3 serum was used for immunoprecipitation of [ 35 S]-methionine-labeled reovirus proteins from cell lysates, as previously described. 31 Immunoprecipitated proteins were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 32 followed by autoradiography.
Progeny virus
Three million cells grown in 6-well plates were infected with reovirus at an MOI of 20. After 45 minutes of binding at 4°C, the cells were returned to 37°C for 96 hours except for the time-point 0 samples, which were frozen immediately and stored at Ϫ70°C until use. Plates were then subjected to 3 rounds of freeze-thaw, and supernatants were used for plaque titration on L929 cells. All titration experiments were repeated in triplicate.
SCID/NOD mice studies
Six-to 8-week-old severe combined immunodeficient/nonobese diabetic (SCID/NOD) mice were obtained from the Cross Cancer Institute (Edmonton, AB, Canada) or The Jackson Laboratory (Bar Harbor, ME). The animals were maintained under specific pathogen-free conditions and treated according to a protocol approved by the University of Calgary Animal Care Committee (AB, Canada). As a subcutaneous xenograft model, 1.0 ϫ 10 7 Raji or Daudi lymphoma cell lines in 100 L PBS were subcutaneously injected in the hind flank of the mice. For intraneoplastic treatment, on day 0, reovirus was administrated intratumorally at 1.0 ϫ 10 7 PFUs of live reovirus (experimental group) or UV-inactivated reovirus (control group) in 50 L PBS when palpable tumors were established. Two-dimensional tumor measurements were performed with calipers every other day for 30 days or until the animals showed severe complications due to excess tumor burden. For systemic treatment, on day 0, SCID/NOD mice bearing Raji tumors at the hind flank were injected intravenously into the tail vein with either 1 ϫ 10 7 PFUs or 5 ϫ 10 7 PFUs of live reovirus in 100 L saline. Tumor size was measured every other day for a period of 20 days.
Histology and immunohistochemistry
Tumors (or remaining masses), taken from animals on day 20 after intravenous reovirus (or saline) injection, were fixed in 10% neutral buffered formalin and embedded in paraffin for histologic analysis. Sections were then immersed in xylene, followed by rehydration in decreasing concentrations of ethanol. For histopathologic examination, the sections were stained with hematoxylin and eosin (H&E). For immunohistochemistry (IH), endogenous peroxidase was inactivated in 3% hydrogen peroxide in methanol for 15 minutes. Sections were then incubated with primary rabbit antireovirus polyclonal antibody (1/1000 in PBS with 10% goat serum and 0.1% Triton X-100) partially purified by ammonium sulfate precipitation. Slides were washed in PBS and then subjected to avidin-biotinhorseradish peroxidase staining as recommended by the manufacturer (Vector, Burlingame, CA) and counterstained in hematoxylin. Cell lines and cell suspensions prepared from ex vivo samples infected for 48 hours with reovirus at an MOI of 20 PFUs per cell were fixed on slides with cytology fixative (Surgipath, Richmond, IL) and subjected to the same immunohistochemistry procedures.
Reovirus infection of primary human tumor samples
Surgical tumor biopsies and normal samples were kept in Dulbecco modified Eagle medium (DMEM) plus 20% FCS and 2 [time] antibiotics (Sigma). NHL and CLL specimens were received either as solid tumor specimens or as peripheral blood, bone marrow, or lymph node samples. Diagnosis was based on histopathology, immunohistochemistry, immunophenotypic studies (flow cytometry), and molecular analysis, all performed at Calgary Laboratory Services (AB, Canada). The cases were classified according to the World Health Organization (WHO) classification. 33 Only tissue in excess of that needed for diagnostic purposes was used for the experiments, and all procedures were approved by the Human Ethics Committee at the University of Calgary. When solid tissue was obtained, tumors were washed in sterile PBS, mechanically disrupted with surgical blades, and filtered through a 100-m Nylon cell strainer to make a single-cell suspension.
For flow cytometry analysis, 100 L each cell suspension was washed in PBS before the addition of antibody (CD10, CD5, CD20) and 7-aminoactinomycin D (7AAD; Beckman Coulter, Hialeah, FL). Samples were incubated for 15 minutes at room temperature in the dark, washed, and resuspended in PBS. Then, 100 L Flow Count beads (Beckman Coulter) were added to each tube before flow cytometric analysis on an EPICS XL (Beckman Coulter). Viable cells (7AAD Ϫ ) were assessed for coexpression of CD20 and either CD5 (CLL samples) or CD10 (Burkitt lymphoma sample) and were counted by means of Flow Count beads.
Reovirus infection of normal lymphocytes and hematopoietic stem/progenitor cells
Normal purified lymphocytes and hematopoietic stem/progenitor CD34 ϩ cells were washed twice in PBS prior to being placed in culture medium. The samples were then either mock-infected (control) or infected with reovirus (at an MOI of 20 PFUs per cell). Single-cell suspensions of lymphocytes and CD34 ϩ cells were radiolabeled with [ 35 S]-methionine from 24 to 48 hours after infection and lysed. Whole-cell lysates were then analyzed directly by SDS-PAGE as described above. Infected and uninfected CD34 ϩ cells were also plated in duplicate in methylcellulose colony assays as described previously, 29 and granulocyte erythroid macrophage megakaryocyte colony-forming units (CFU-GEMMs), granulocytemacrophage CFUs (CFU-GMs), and erythroid burst-forming units (BFU-Es) were counted in an inverted microscope after 14-day culture at 37°C in 5% CO 2 .
Results
Various lymphoid cell lines are susceptible to reovirus infection in vitro
To determine the susceptibility of human lymphoma cell lines to reovirus, the Burkitt lymphoma EBV ϩ (Raji and Daudi) and EBV Ϫ (CA46, Ramos, and ST486) cell lines, as well as 4 diffuse large B-cell NHL cell lines (OCY-LY1, OCY-LY2, OCY-LY8, and OCY-LY10), were infected with reovirus at an MOI of 20 PFUs per cell. As shown in Figure 1A , no morphologic changes were observed in the cell lines Daudi, Ramos, or ST486 at 96 hours after infection. In contrast, the Raji and CA46 cell lines as well as all diffuse large B-cell NHLs infected with reovirus exhibited a granular phenotype, cell clumping, and loss of shape, characteristic of cytopathic effects. To assess whether these observed effects culminated in cell death, trypan blue exclusion was performed on each cell line at 96 hours after infection ( Figure 1B) . Viability was reduced in the diffuse large B-cell NHLs as well as in the Raji and CA46 cell lines (by 40% to 70%), while no change in viability was detected in the resistant cell lines.
To confirm that cell destruction was induced by reovirus replication, the infected cells were labeled with [ 35 S]-methionine, followed by immunoprecipitation with antireovirus antibody for the detection of viral protein synthesis (Figure 2A ). Viral protein synthesis was evident in all the diffuse large B-cell NHL cell lines as well as in the Raji and CA46 cell lines, but was undetectable in the resistant cell lines (Daudi, Ramos, and ST486), even at 96 hours after infection. To determine whether reovirus protein synthesis in lymphoma cells is associated with progeny virus production, virus yields were determined at 96 hours after infection and compared with virus input at 0 hours ( Figure 2B ). Following the reovirus infection, susceptible cell lines Raji and CA46, as well as all the diffuse large B-cell lymphoma cell lines, produced a significant amount of progeny virions (15-to 110-fold) at 96 hours (P Ͻ .001), while the resistant cell lines showed little or no increase in virus progeny.
Regression of Raji tumors in mice treated with reovirus
To assess whether the in vitro susceptibility to reovirus in the established lymphoma cell lines correlated with in vivo efficacy of reovirus in a xenograft model, we evaluated the antitumor effects of a single intratumoral reovirus injection on subcutaneous lymphoma tumors. We compared Raji cells that had shown permissiveness to in vitro reovirus infection with Daudi cells that were resistant. The results ( Figure 3A) show that in live virus-treated mice, the Raji-derived tumor growth was significantly inhibited compared with control mice treated with UV-inactivated virus. In contrast, the Daudi tumors were completely resistant to reovirus therapy ( Figure  3B 
Reovirus oncolysis of various primary lymphoma cells
The next step of our investigation was to determine whether reovirus oncolysis could also occur in primary samples of human lymphoid malignancy specimens. Single-cell suspensions were prepared from tissues, peripheral blood, bone marrow, or lymph node samples. They were then infected with reovirus and labeled with [ 35 S]-methionine. At 48 hours after infection, cells were harvested, and lysates were prepared, immunoprecipitated with antireovirus antibody, and analyzed by SDS-PAGE. Since all our samples were heterogeneous, containing both neoplastic and reactive cells, it was important to determine whether reovirus protein synthesis occurred only in malignant cells. Accordingly, 3 samples of normal lymphocytes isolated from the peripheral blood, as well as 3 samples of hematopoietic stem/progenitor cells (CD34 ϩ cells) isolated from the bone marrow of healthy individuals, were used as control. Representative data are shown in Figure  4A . None of the normal controls showed permissiveness for reovirus replication, as evidenced by the lack of viral protein synthesis in these cells. In contrast, reovirus proteins (in 3 size groups, , , and ) were easily detected in some, but not all, lymphomas ( Figure 4A ; Table 1 ).
To determine reovirus oncolysis of CLL cells, as well as a primary Burkitt lymphoma, the samples were infected with reovirus for 96 hours, and remaining cells were analyzed by flow cytometry for viability and cell surface marker profiles. Significant reduction in CD20 ϩ and CD5 ϩ CLL cells and CD20 ϩ and CD10 ϩ Burkitt lymphoma cells was observed ( Figure 4B ). The use of cell surface markers confirmed that only the CLL cells or Burkitt lymphoma cells present in the samples were susceptible to reovirus infection. The presence of reovirus proteins was also assessed by immunohistochemistry; Figure 4C shows a representative primary CLL sample and Raji cells used as a positive control. This method could prove to be useful for the identification of reovirussusceptible cells in a heterogeneous sample.
All together, we tested 27 primary B-cell type NHLs and CLLs (Table 1) . Our results show that all B-cell CLL samples were susceptible to reovirus infection, whereas 5 of 6 follicular NHL samples were resistant. One of the 2 small lymphocytic NHLs was susceptible, as was 1 mantle cell NHL, a Burkitt lymphoma, and 2 diffuse large B-cell NHL samples tested.
Reovirus does not significantly affect clonogenic progenitors
To further determine whether normal human hematopoietic progenitors are susceptible to reovirus infection, CD34 ϩ cells treated with reovirus at an MOI of 20 PFUs per cell (or mock-treated) were plated in the methylcellulose clonogenic assay. The numbers of clonogenic CFU-GM, BFU-Es, and CFU-GEMM progenitors indicate that a significant proportion of human progenitors survived exposure to reovirus ( Table 2) .
Discussion
Recently acquired knowledge of the pathobiology of lymphomas has significantly broadened our understanding of these diseases, providing new opportunities for future therapeutic approaches. Novel treatment methods include anti-CD20 (Rituximab) monoclonal antibody, 34, 35 radioimmunotherapy, 36, 37 antitumor vaccines (developed by isolation of the specific idiotypic immunoglobin molecules from individual patients), 38 gene therapy, 39 and possibly oncolytic viruses. 40 As current forms of treatment involve considerable toxicities and increased risk of death due to incomplete responses and relapses after treatment, 41, 42 the development of new therapies is crucial for improving the survival and quality of life of patients with lymphomas. PFUs of live reovirus (n ϭ 8; F) or UV-inactivated virus (n ϭ 7; E). Tumor growth was followed for a period of 30 days and measured 2-dimensionally with a caliper. (C) Intravenous administration of reovirus to SCID/NOD mice bearing Raji tumors. Animals bearing palpable subcutaneous Raji tumors were subjected (on day 0) to a single intravenous injection of 1 ϫ 10 7 PFUs (n ϭ 7) or 5 ϫ 10 7 PFUs (n ϭ 7) of reovirus (F and OE, respectively). Control animals (n ϭ 7) received saline injection (E). Tumor growth was followed for a period of 20 days and measured 2-dimensionally with a caliper. (D) H&E staining and IH of reovirus antigens in Raji tumors after intravenous reovirus treatment. H&E-stained section (original magnification ϫ 400) shows necrosis of tumor cells 20 days after live reovirus treatment. IH-stained section (original magnification ϫ 400) of remaining tumor cells stains positively for reovirus proteins (brown) while control tumor shows no staining.
Treatment of lymphoid malignancies with reovirus has the potential to be a safe and effective alternative to radiotherapy and/or multidrug chemotherapy. Reoviruses are common isolates of the respiratory and gastrointestinal (GI) tract of humans. They may cause mild upper respiratory and gastrointestinal illnesses in early childhood, but are not clearly associated with any known human diseases and are, therefore, considered nonpathogenic. Associations of reovirus with putative chronic hepatic infections or other diseases in adults have been reported, but none of these convincingly demonstrate that reovirus causes diseases in humans, especially in immunocompetent adults. 9 Here we show for the first time that reovirus could represent a potent oncolytic agent that can eradicate some forms of human lymphoid malignancies. In our in vitro experiments, all diffuse large B-cell lymphoma cell lines examined supported reovirus replication, which resulted in subsequent lymphoma cell death. Cell lysis was also observed in the Burkitt lymphoma cell lines Raji and CA46. However, other lymphoma lines, such as Daudi, Ramos, and ST486, were resistant to reovirus infection. Interestingly, a comparable pattern of infectability and resistance to oncolytic herpes simplex virus-1 (HSV-1) is also observed in these cell lines (T.A., P.W.K.L., unpublished observations, 2002). Since oncogenes in the Ras-signaling pathway dictate host-cell permissiveness for both reovirus and HSV-1, 43 differences in the activation of this pathway must exist between these cell lines. The resistance in Burkitt lymphoma cells may prove important in the attempt to characterize the molecular basis of reovirus (and HSV-1) oncolysis, and is currently under investigation.
In our in vivo experiments, Raji (but not Daudi) tumor xenografts grown in SCID/NOD mice underwent regression upon treatment with live reovirus. This was not observed when UVinactivated reovirus was used, suggesting that virus replication is important for tumor regression. We have also obtained evidence that reovirus is effective in killing tumors that are remote from the injection site using intravenous injections of reovirus into SCID/ NOD mice bearing subcutaneous Raji tumors. This raises the possibility of using reovirus to target malignant lymphomas that are disseminated at the time of diagnosis.
Our investigations of ex vivo primary tumor cells derived from different lymphoproliferative disorders revealed surprising results. Reovirus susceptibility was evident in all B-cell CLL (15 of 15) samples tested while 5 of 6 follicular lymphomas remained resistant to reovirus infection. In addition, 1 of 2 small lymphocytic lymphomas was also resistant, whereas a mantle cell NHL, a Burkitt lymphoma, and 2 diffuse large B-cell NHLs showed reovirus protein expression after in vitro infection. As mutations of ras rarely occur in lymphomas, differences in the activation of the Ras pathway must exist between the diverse types of lymphoid malignancies. In CLL, trisomy of chromosome 12 (where the K-ras proto-oncogene, as well as the gene encoding for the insulinlike growth factor receptor 1, is located) is a common alteration in this disease. 19, 44, 45 Amplification or mutation of crucial genes, resulting from this cytogenetic abnormality, may result in the activation of Ras (or the Ras-signaling pathway) in CLLs and confer a favorable environment for reovirus to replicate. Furthermore, the Ras pathway in CLL cells may be stimulated in an autocrine manner by expression of both the CD40 receptor and its ligand CD154 involved in B-cell proliferation and survival. 25, 26 Susceptibility of Burkitt lymphomas and some types of NHLs may be due to the presence of the Epstein-Barr virus LMP-1 transforming protein that has been shown to mimic or cooperate with CD40 and could lead to activation of the Ras pathway. 24, 46, 47 Moreover, Myc deregulation, frequently observed in lymphoid disorders, has been shown to collaborate with Ras in the transformation of B lymphocytes. 23 Myc overexpression is likely to be involved in the reovirus susceptibility of lymphomas.
It is interesting that 5 specimens of FLs remained resistant to reovirus infection. FLs are slow-growing tumors characterized by the presence of the t(14;18) translocation, which is present in 95% of the cases, and results in the amplification of the antiapoptosis gene bcl-2. 17 The Ras-signaling pathway in these cells may not yet be activated at this stage of the disease. However, FLs can progress to DLBCL characterized by more aggressive behavior. 33 It is likely that in DLBCL the Ras-signaling pathway is activated. Our observation that the 4 DLBCL cell lines tested and 2 ex vivo DLBCL samples are all permissive to reovirus is congruent with this notion. A recently isolated proto-oncogene, RhoH/TTF, encoding a novel Rho GTP-binding protein exclusively expressed in hematopoietic tissues, was reported to be aberrant in 46% of DLBCLs. 27 Activation of the Ras pathway by RhoH/TTF could lead to susceptibility to reovirus infection. Nonetheless, the involvement of this gene in reovirus oncolysis of DLBCL as well as its status in other lymphoid malignancies needs to be investigated further.
Our study included cell lines derived from aggressive B-cell lymphomas while the majority of ex vivo specimens were obtained from patients with CLL. The reason for this imbalance is that cell lines are usually derived from aggressive lymphomas, whereas ex vivo samples from indolent lymphoid malignancies can easily be obtained from peripheral blood. Samples derived from human tumors, peripheral blood, and bone marrow are composed of a mixture of neoplastic and nonneoplastic cells, and it is uncertain which cells in these samples are infected by reovirus. Our observation that normal peripheral blood lymphocytes and hematopoietic stem/progenitor cells derived from normal bone marrow are resistant to reovirus further suggests that only neoplastic lymphoid cells are targets for this virus. Analysis of 5 CLL samples and a Burkitt lymphoma sample by flow cytometry demonstrated that the neoplastic cells, but not nonneoplastic lymphocytes, are affected by reovirus infections. These findings are congruent with the notion that reovirus oncolysis is restricted to neoplastic cells. The reason for the variability between the CLL samples in susceptibility to reovirus is unclear at present and will be investigated further. Moreover, given our observation that multipotential hematopoietic progenitor cells were not killed after exposure to reovirus and remained clonogenic, the differential susceptibility of neoplastic versus normal cells should be exploited further. For example, in vitro purging protocols could be developed for the treatment of certain types of NHL and/or CLL.
It was reported recently that an antilymphoma effect was also observed with the use of live attenuated measles virus. 40 Interestingly, regression of human lymphoma xenografts in immunodeficient mice induced by measles virus infection was detected in the Raji cell line, the same line that we used for our animal studies. It would be important to evaluate whether measles virus injected into the same types of lymphoid malignancies and cell lines as used in this study exhibits a pattern of infectability similar to that detected As described in "Materials and methods," 1000 CD34 ϩ cells per milliliter for CFU-GMs and BFU-Es, and 2000 CD34 cells per milliliter for CFU-GEMMs, were plated in methylcellulose clonogenic assays in duplicate. Data represent the means Ϯ standard deviation (SD) of 2 separate experiments.
with reovirus. This could further confirm the involvement of oncogenes in Ras signaling in dictating the permissiveness of host cells to infection by oncolytic viruses. Finally, we suggest that the methods used in this study to determine the infectability of primary lymphoid malignancies by reovirus could be used for preclinical screening for a potential reovirus therapy. Further studies are needed to evaluate the efficacy of this potential treatment and to elucidate the molecular mechanisms underlying reovirus oncolysis of lymphoid malignancies.
